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1.0   IllTRODUCTZOI 

The tables in thii report give the response of various types of capacitors 

to various transient gssaa radiation envlromsnts.    The tables were generated on 

the Burroughs B5500 digital cooputer at Stanford University.    The parameters used 

to characterise the capacitors were obtained from the THEE Handbook (Batteile Me- 

morial Institute, UBk 1*120, Feb., I96U) and "Analytical Methods for Predicting 

Transient Nuclear Radiation Effects on Electronics Circuits and Devices," (Boeing 

Corp., RID TDR-63-300T, July 1963)»    The capacitor parameters In these reports 

represent only the average response of many similar capacitors to many different 

radiation environments.    Unit-to-unit and manufacturer-tonsanufacturer variations 

in the capacitors make It Impossible to predict the effects of radiation exactly, 

so these tables should be considered as giving only a "typical" response of the 

particular capacitor to the given radiation environment.    Assuming, however, that 

the capacitor parameters from the above reports are exact, then it is believed 

that the numbers given in the tables, with a few exceptions discussed later, are 

accurate to three significant figures. 

Additional tables are given at the end of this report.    These tables give 

the voltage left across a capacitor at various times after t=0 for a fixed resis- 

tance shorted across the capacitor at time t=0.    The purpose of these tables is to 

help the design engineer simulate the effects of radiation.    The organization and 

use of these tables are described in later sections of this report. 

2.0 OHGARIZATION OF TABUIS 

2.1 Capacitor Tables 

The one hundred forty-four capacitor tables in this report describe the re- 

sponse of six different types of capacitors to twenty-four different radiation en- 

vironments.    The column headings in each table give the particular external circuit 

time constant for which the column was calculated, and the row labels at the left in 

each table give the time after the initiation of the radiation event for which the 

row was calculated.    The numbers given In the tables are the voltages left on the 

capacitor under the conditions described In the row, column, and table headings, 

assuming the Initial voltage to be one volt.    Thus the organisation of the capacitor 

tables may be depicted schematically as In Figure 1. 
• 



- 2 - 

. 

?- 

o 

I 
V 

to 

I 
I 

V      B      ^ 
£ 

o 
•p 
O 

d 
o 

2 

I     £ 

^955   « 

1 o 

5 
• • 

1 s 
1: 

ß 

1 
5 

al 
s 

Uli 

« 

• . .   j$ 

■ 

^/■. 



^ 

r 

- 3 - 

The radiation •nrlrm—nt« used are rather Idealized versions of typical 
flash x-ray, nuclear weapon, pulsed reactor, or (with reservations about the 
effects of particle charge) pulsed accelerator transient radiation environ- 
■ents.    The general font of the assuaed S'vlronent Is a short, high Intensity 
rectangular radiation pulse followed by lover level steady radiation (see 
Figure 2).    It is believed that SOBS sort of approximation to the envlron- 
■snts listed above can be found either In the tables or by Interpolating be- 
tween tables.    The twenty-four radiation environaents are found by taking each 
of the Initial rates of 1010, 1011, 1012, and 1013 Rads/sec and for each initial 
rate using each of the final rates of 0, 103, 10 , 105, 10 , and 10T Rads/sec. 
The k initial rates together with the 6 final rates give the 2k radiation en- 
vironsents for which the capacitor tables are calculated. 

The initial pulse Is asswed to last for 25 nanoseconds.    This duration 
was chosen because: 

(1) it Is convenient for numerical evaluations of the capacitor 
discharge equations, and 

(2) it approximately corresponds to the pulse length expected 
from the Lockheed Missiles and Space Company 2 Mev flash x- 
ray machine scheduled to be operational In April 1965. 

Mormaliiation of the capacitor tables to different Initial pulse durations Is 
discussed later. 

The six types of capacitors chosen for Inclusion in this report are those 
on which adequate Information Is available In the TREE Handbook. They are, In 
the order in which they appear in this report: 

Ceramic capacitors (barium titanate) 
Tantalus capacitors (solid) 

Mica capacitors 
Mylar capacitors 

Paper capacitors (Vitamin Q) 
Oil-Filled Paper capacitors (Oudeman) 

& 



. k 

It if hoped that thl» report will be kept updated M inforaatlon on other 
typee of cepecltore beeoaee aymllmble in the literature.    In addition, present 
plane call for characterisation of certain typee of capacitore, particularly 
glaee and vet tantalum, on the IMBC 2 Mtr flaeh x-ray facility Mentioned above. 

In almoet all practical applicatione of capacitore, the capacitor will be 
receiving charge from an outaide circuit while the radiation field ie diecharg- 
ing it.    For thii reason, the voltage left on the capacitor is calculated in 
these tables for a number of time constants of the external recharging circuit. 
These time constants are infinity (open recharging circuit), R C - 10 sec, 1 sec, 
100 ms,  1(  ms, 1 ms, 100 us,  10 us, and 1 us.    These numbers form the column head- 
ings in the capacitor tables.    In order to keep the tables to a reasonable, or in- 
deed, finite, slse, it was necessary to make the following assumptions. 

(1) Figure 3 shows the equivalent circuit of the capacitor.    The 
switch is assumed to close at time t ■ 0. 

(2) The battery V   and the resistance R    represent the Thevenin o o 
equivalent circuit of the capacitor driving circuit during 
the radiation pulse, and do not change during the pulse; this 
circuit includes any inherent capacitor leakage resistance. 

(3) The battery voltage V is the same before and during the radia- 
tion pulse, and the capacitor is charged to V before the pulse 
starts. 

(U)    The resistance R   may be different before and during the pulse, 
but it must be possible to rsasonsbly approximate it by a constant 
resistance during the pulse.    The value of R   during the pulse must 

be used to calculate the time constant. 
(5)    Permanent radiation dsaags is neglected. 

It is certainly true that most circuits will not exactly satisfy these as- 
sumptions during the pulse, but it is also true that for most cases these assump- 

tions are quite reasonable. 
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The row labels in the capacitor tablea are the tlaea after the initiation 

of the radiation event for which the mabere in the row are calculated. The 

firot row ia at time t ■ 0 for vhich the capacitor voltafe is defined to be 1 
Yolt; the second row is at 25 as, the and of the first pulse, and the third 

through twenty-fourth rows are tlaas during the second radiation rate, going 

fraa 1 us to 10 sec in approxinately logarithadc increnents. 

2.2 llesistance Siwlation Wbles 

The last nine tablea are for the convenience of the deeigner in aiaulating 

the effects of radiation. 

3.0 USE OP TABUS 

3.1 Capacitor Tables 

Consider the following problen:    Find the best capacitor for which data is 
available for use in a radiation envlroneent consisting of an initial pulse of 10 12 

Rads/sec for 25 nsec followed by a constant rate of 10 Rads/sec. The tine constant 

of the external charging circuitry is 10 «sec and the circuit aust operate 100 nsec 

after the start of the radiation transient. 

To solve this problem it is necessary to look up one data point for each type 

of capacitor. First look in that table for ceraaic capacitors which is calculated 
12 Si 

for an initial pulse of 10  and a constant rate of 10' Rads/sec. Tiooking at the 

intersection of the 10 msec tlas constant colusm witn the 100 «sec tiae row, we 

find that 99.2^ of the initial capacitor voltage reaaiM at 100 as. üpeating this 

process for the other capacitors we get the following tablet 

Capacitor type    Final voltage/initial voltage 
  

Ceramic 0.992 

Tantalus 0.932 

Mica 0.997 

Mylar 0.852 

Paper 0.969 

Oil-paper 0.826 
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Thu« vt vould not want to u»« oil-fiII«d paper or mylar In thii application. 

Ceranlc, mica, or possibly paper vould be the indicated dielectric for this 

application, depending on the capacitance value needed and other circuit and 

pemanent daaafa coneiderations. 

As a second exaaple consider the problem of interpolation. Ve might wish 

to interpolate between any combination of initial rate, final rate, time constant, 

or time. The two examples hgre will illustrate one possible technique of inter- 

polation for one variable and for two variables. The technique Illustrated may 

be used for any varlsble or combination of variables, but the amount of work in- 

volved goes up exponentially with the number of variables. 

As a firat example, suppose we wish to find the voltage on a ceramic capacl- 

tor if the initial radiation rate ie 10  Rads/aec for 23 naec, the final rate 

is IQr  Rids/sec, the time of interest is 100 msec after the start of the radiation, 

and the circuit time constant is 30 msec. There is a table for ceramic capacitors 

in this radiation pulse, and the voltages at 100 msec are tabulated. However the 

time constant of 30 msec la not included in this table. Thus it Is necessary to 

interpolate to get the voltage for a 30 ms time constant. At 100 ms after the 

start of radiation the voltages left on the capacitor for various time constants 

arei 

Time constant voltage 

1 msec 0.993 

10 msec 0.932 

100 msec 0.505 

1 tec O.lUl 

** 

These mmtoera are plotted (on a semllog scale) in Figure k. If a smooth curve is 
drawn through the points, we find that the voltage left at 100 msec for a circuit 

time constant of 30 msec is about 0.75 of the initial voltage. 

To illustrate the graphical interpolation for two variables consider the above 

problem, except make the final rate 5x10   Rads/aec.   How ve must Interpolate for both 

the time constant and the final radiation rate.    One way of doing this is to repeat 
the previous interpolation for several final rates and plot the voltage vs final 
rtta for a time constant of 30 ms.    The four curves in Figure 5 show the interpolation 

■ 
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for the tlse constant of 30 msec for flml nt«« of 10 , 105, 10 , and 10T 

Radi/tec. Figure 6 then plote the four Toltagee for a 30 aeec tlae eoiiStant 

ye the final rate. Fron this figure ve see that the TOltege left ie about 0.52 

of the original voltage. 

Ohrlously this seme technique can be used for any nuaiber of variables, and 

the order in vhich the interpolations are made is not too critical. The masber 

of points used is strictly a natter of Judgement. I used four here siaply to il- 

lustrate that two might not be enough. Of course, there is no guarantee of accuracy 

in these interpolations, but in view of the expected capacitor-to-capacitor response 

variations, the accuracy should be quite sufficient for engineering use. 

Another problem vhlch might arise in the use of these table« is how do ve 

calculate the voltage left if the initial pulse has a different length than the 

23 nsec used for the initial pulse used in these tables? The answer is, very 

simply, that if the initial pulse length is short compared to all capacitor and 

circuit time constants, then the voltage at the end of the pulee is proportional 

to the duration of the pulse. A good engineering approximation to the voltage 

after any length of time can be made by plotting the case of interest from the table 

with the initial pulse length equal to 25 ns and then plotting initial drop for the 

other initial pulse length and making the voltage left at longer times assymtotlc 

to the first plot. An easy interpolation for the initial pulse aagnltude may be 

found from the fact that the voltage drop from the first pulse is proportional to 

the delta'th power of the Initial radiation rate. 

3.2 Resistance Simulation Tables 

The purpose of these tables is to help the designer simulate the effects of 

the radiation pulse in his circuit without actually irradiating the circuit. Con- 

sider the switch in Figure 3 to be a relay and R to be a fixed resistor. Then we 

might ask the question: for a particular capacitor type, a particular radiation 

Vate, a particular circuit time constant, and a particular time at which we are 

interested in the performance of the circuit, what value of resistance should we 

use in the shove simulation to give the same capacitor voltage at the time of in- 

terest that the radiation pulee gives? The resistance simulation tables are de- 

signed to help answer this question. lach table is calculated for a different time 

, 

i 
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after the start of the radiation pulee. Acron the tope of the tables are 

varioue circuit tiac constants, corresponding to various H 's in Figure 3* 

The row headings are the tins constants corresponding to R in Figure 3. The 

use of the tables is: First, look up the capacitor roltage left at the tiae 

of interest in the capacitor tables. Then go to the resistance table for the 

tisM of interest and find the colunm corresponding to the circuit series tine 

constant. Follow this column down until the voltage shown is about equal to 

the voltage found from the capacitor tables. The time constant at the left end 

of the row in which this number is found gives a value of resistance to use in 

a circuit simulation. 

As an example of this technique consider that we wish to simulate the dis- 

charge of a mylar capacitor in a circuit with a series time constant of 10 msec. 

The radiation environment is an initial rate of 10  Rads/sec and the final rate 

is ICr Rads/sec. The time of interest is 100 msec. From the appropriate mylar 

capacitor table we find that the voltage left under these conditions is O.852 of 

the initial voltage. Going to the resistance table calculated for 100 ms and 

following the 10 ms time constant column down, we find that an equivalent fixed 

resistance for use in a simulation circuit corresponding to Figure 3 would be one 

that gave a time constant of between 1 and 10 ms and closer to 10 ms. If the capaci- 

tor were 1 ufd, then the equivalent resistance would be between 1000 and 10,000 ohms, 

and closer to 10,000 ohms. 

U.O ACCURACY OF TABLES 

The resistance simulation tables are exact to the number of significant 

figures given. It is believed that most of the numbers in the capacitance tables 

are accurate to three significant figures assuming absolute parameter accuracy. 

There are some erroneous points in these tables however. These errors arise be- 

cause the numerical integration used in the computer program may run into inaccura- 

cies under certain conditions. The integration routine used was a 201 point Simp- 

son's rule procedure. There were no iterative or checking loops since experimen- 

tation showed that 200 points wars enough to make most points accurate and check- 

ing would add unconsclonsbly to the computer time. Errors in the teble are fairly 

1 
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/ obvloua.    They »ay arlie vhcnercr 1/200 of the tine at which the number Is cal- 

culated !■ on the eaae order of ■tgnltude ai, or greater than some circuit or 

capacitor tine constant, but the capacitor has not yet reached a steady state. 

Those numbers satisfying the above conditions which are In error »ay generally 

be recognised because the rate of change of voltage In the table Is faster than 

seeas physically reasonable.   Of course, variations In capacitors will give larger 

errors than any in the tables.    Also, «ost of the paraaeters were Measured at rates 

«ach lover than the Initial rates used here.    Extrapolation of data to the higher 

rates nay also result In errors. 

$.0   NUOBIATXCAL OSRIVATIOH 

Consider the circuit In Figure 3.    Aesuae that at tins t • 0 the switch Is 

closed.   Then, fro« Kirchoff's current lawi 

By the definition of a capacitor: 

d ¥ 

and, fro« Ola's law: 

^ - o-JT ' & 

i. - ^ , (3) s 
s 

Thus: 

V
0  "  Vr 

0       e       %C^. (5) 

If we set: 

v~ *: l"jr* 
CR0 - To , (6a) 

CRi - Ti, (6b) 

«S - « , (6c) 
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then «quatlon 5 becones: 

^    X (T: * TT^ ■ f" • 
• 

(7) 

1 

Equation 7 i" the basic differential equation which «uat be solved to get 
the transient response of the capacitor circuit.   Assuaptlons listed In Section 
2.1 will be used.    This means that any tine variation In Equation 7 aust be in 
the Ta tern. 

Pros the HP Handbook, T    is a function of tl«e and Is given byt 

^ - fit) - ^ *Ä(t) . Kdir exp k-tl ;A(tf)d/ 

4- K^ |   exp t1  - t 
'42 

Y A(t')dt'   , (8) 

i 

where K , A, K«, T41, K^, and T^ arc panusstere of the aaterlal used in the 
capacitor dielectric, and Y(X)  is the radlstloa rat« in Rsds/sec st tlae z. 

Equation 7 »ay be written to show its tlae dependence as: 

dx [h •]-v TE^xlT-    *   Mt) 

This is a linear, first-order differential equation whose solution 

x(t) -|0>r-   / expC/l-i-* f(t) ['hi-** (/fe * f(t)ldt)] 

(9) 

be written: 

exp ( ■!&•««] . ♦ f(t)    dt) , do) 

b 

• 
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vhere 0 ii «a •toitrary conitant selected to Mke x » x0 when t - 0; l.e, if 

ve Mt! 

F(t) - exp (JU- * t{t)\  dt) , (11) 

then, et tlae t : 
o 

(12) 

Bquetione 8 end 11 may be solved to get F(t) in closed fox«. Two solutions 

ere necessary, one for times during the initial pulse and the other for times dur- 

ing the final pulse. These solutions are incorporated in the computer program and 

are used to nueerically integrate Bqustion 12,  vhich has no closed form solution. 

f 
Equation 7 «ay be solved in closed fox« if T is constant. This solution 

is, for x ■ 1 at t » 0: 

x ■ 
o   s   >•   o    s J 

To    \ 

(13) 

The rssistance simulation tables were calculated by substituting various values of 

T*j T.i and t in Bqustion 13. 
O       B 

■ 
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APHEüDiXs    THE CONFUBR IfOOMM 

The cooputer program used to calculate the capacitor tables was written 

In the version of ALOOL used by the Burroughs B5500 cooputer.   A lletlng of the 

*    prograa is given in Figure Al, and a general flow chart is given in Figure A2. 

A description of the prograonlng language nay be found in Burroughs Corporation 

Report #5000-21012,  "Extended ALGOL Reference Manual for the Burroughs B5000.H 

Itaere are a few points which ehould be aade for the benefit of anyone who 

wishes to rewrite thii program for another machine. 

1. A lot of ccmputer time can be eaved by minimizing the number of 

exponentiations required in the calculations.    One way to help 

attain this goal is to make use of the fact that e     » (e )    as 

is done in several places in this program« 

2. If integration or differential equation solving techniques are used 

which adjust their step lengths until the errors are sufficiently 

small, then each table would probably require hours of computer time. 

This is because the step length will have to be less than the shortest 

time constant in the problem.    The technique used here is to notice 

from Equations 12 and 8 that x approaches a constant at long times, 

to replace divergent values with this constant, and to accept the 

few errors that occur.    Computer time for one table was about 20 

sec.   On the faster machinss, say like the DM 709^, it is estimated 

that one table would take about 10 sec., exclusive of I/O time. 

3. Cart should be used in factoring cerms like 

t(at - bt) 

lnt0 eat e-bt 

as it is easy to run into situations such as 

in these calculations, giving magnitudes which no computer can handle. 

▼- ? - 
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SC9IN COMMENT  TRANSICNT RADIATION CN CAPACITORS PROCRAMI 
INTCOER N* II* JJ# KKf mim^ 
COMMENT  N IS NUMBER Of INTERVALS fOR SIMRSONS RULE AND MUST RE EVEN 
11 IS TNE NUMBER OF CARACITOR TYRES JJ IS TME NUMBER OF INITIAL RAT 

ES KK IS TNE NUMBER Of FINAL RATES! 
REAO(N# II« JJ* KK)I 
BEBIN REAL OOI 

ARRAY IA» IB(C I 2311 
REAL NA. MB* NTI 
ARRAY 2IZC0 I 0)1 
ARRAY RTIM* TIM(0 I 23)* OUTP* XO* TAURECCO I a)# IKOR» EA* E8* 
TTCO I N), OLA* KPA, KAA* TAA* MBA* TBACO • ID* I^RA* TIMRACO 
I JJI* riNRACO I KK)I 
ALPHA ARRAY ALLPCO I 23)* ALfYCO I II* 0 I A)* ALPRACO I JJ)I 
BOOLEAN BOLAf BOLBI 
INTEBER I* J* M* L* LL* LLLI 
REAL NP* OEL* KA* TA* KB* TB* S«# SB* A* B* C* 0* AA* BB* CC* 
AAA* BBB* CCC* OA* 08* XT* VA* VRI 

FORMAT 
FOA(Xlf>"TMIS TABLE IS THE CALCULATED TRANSIENT RADIATION RESPONSE*1// 
X32*,,0r A "*5A6// 
X2B*WTHE CAPACITOR PARAMETERS USED ARElV 
*2\pm*Pm*,lM,*0*     N01a*>*ElltA*«  X02«,»*E 11 . A/ 
X!B»#0ELTA«'»*E11»A*W  T01«»*Et l»***  T02«,,»Ell. A// 

X1A##"TME RADIATION PULSE ISNElltA»" RAOS/SEC FOR^'Ell •A,** SEC/ 
X2O**,FOLL0MED BY A CONSTANT RATE OF«*ElltA*« RAOS/SEC"// 

X1S**TAU IS TME TIME CONSTANT OF TME CAPACITOR CHAROI^Q CIRCUIT." /)» 
FOB(XU*«THE VALUES GIVEN ARE TME RATIOS OF TNE CAPACITOR VOLTAGE AT TH 
IV 
X22*,,TIME INDICATED TO TME INITIAL CAPACITOR VOLTAGE* /). 
F0C<X22*,,TAU (TIME CONSTANT)**/ 

XI1#*,INF***X5***!0 SEC*,*XAf**l SEC*,*X2***I00 MS***XA***1C M8%X5* I 
•I NS*,*X3***100 US***XA***!0 ÜS*,*X5**t US^/^TIME**)* 
FOO(AB#X3*f(F6.A»X3))f 

FIL^RTIMC*) NITH 0*0* P-6* 2P-6* 5P-6*' R-3* 2R-5* 5P-5* P-A* 
2P-A# SP*A* Ml* 2M3* 99-3* f*2* 2«-2* 99*2* P-l* 2Pal* .9* 1* 
2* 9* ICI 
FILL ALLP(*) MITM **  0  *** "XXXXXX"» **  1 US"* "  2 US". 
*  9 US"* " 10 US"* " 20 US"* " 90 US"* "100 US"* "200 US"* 
"900 US"* "  1 MS"* "  2 MS"* "  9 MS"* " tO M5"# " 20 MS"* 
" 90 MS"* "100 MS"* "200 MS"* "900 MS"* "  18"*"  2 S "* 
"  9 S "* " 10 S "I 
FILL TAURECU) MITH 0* •!* I* 10* 100* 1000* PA* P9* P6I 
EA(O) * EBCO) ♦ 1.01 
TT(O) ♦ 01 
ZA(0J * ZB(O) ♦ 1.01 
REAOCFOR I ♦ 1 STEP 1 UKTIL II OOCFOR J ♦ 0 STEP 1 UNTIL A CO 
ALFYCI* J)* OLA(I)* KPAtl)* KAAtD* TAACD* KBA(I)* TBA(I)))| 
REAO(FOR I * 1 STEP 1 UMIL JJ DOCINRACD* TIMRA(I)* ALFRACI)))' 

REAO(FOR I ♦ 1 STEP 1 UNTIL KM 00 F1NRA(I))I 
FOR L ♦ 1 STEP I UNTIL II DO 
BEGIN NP ♦ MPA(L)I 

DEL ♦ OLACDI i 

film All   troptm liKiag (P^R lot 3) 

*• ^ 



M ♦ KAACLlf 
K8 • KBACUI 
TA ♦ TAACDI 
TB ♦ TBACL1I 
lOLA ♦ NA • 01 
BOLB ♦ KB • 01 
SA ♦ KA x TAI 
IB ♦ KB M TBI 
fOB LL ♦ 1 8TCF 

• 

• 

t UNTIL JJ DO 
BCBIN TIMtU ♦ NTINCI] ♦ TIMNACLDI 

ALLFC1] ♦ ALFNACLUI 
IAH) ♦ If BOCA THEN 1.0 CISC ttPV 
INCH ♦ IF BOLB THCN 1,0 CLIC Cl^(< 
FON I ♦ 2 STEF I UNTIL 23 00 
BCBIN TINCIJ ♦ RTINCIJ • TlUCtJI 

ZACIJ ♦ If BOL« TNCN 1,0 CLSC 
ZB(I) ♦ IF BOLB TNCN t.O CLSC 

CNOI 
OA ♦ INNA(LL) • DCLI 
B » B8 ♦ SA M TA M OAI 
C ♦ CC ♦ SB M TB ■ OAI 
A ♦ AA ♦ OA «(KP 4 SA ♦ SB)I 
FON LLL • 1 SUP I UNTIL NN 00 
BCOIN OB • riNRA(LLL) • OCLI 

AAA ♦ OB »(KP ♦ SA ♦ SB)I 
BOLA TNCN 0 CLSC 
/ TA)))I 
BOLB TNCN 
/ TB)))! 

TINCIJ 
TINCIJ 

/ 
/ 

TA)| 
TB)I 

l*Pi TiNcn 
TINCIJ 

/ 
/ 

TA)I 
TB)I 

SA n  TA «(OB • OA ■(! • CKPC 

0 CLSC SB » TB "(OB • QA *{\  • EXP( 

STEP I UNTIL A 00 ALETIL» IJ» KP* 
INBACLLl* TINNACLLI» FINNACLLLJ)! 

BBB ♦ IF 
• TINtlj 
CCC ♦ IF 
• TINCIJ 
NRITE(rOA# EON I 
KA. KB» OCL* TA* TB* 
NRITCCroB)! 
NRITCCFQOI 
NRITCCFOO* ALLPCOI* 1* 1» 1» |* 1* 1» i* |* 1)1 
A ♦ AAI 
B ♦ BBI 
C » CCI 
ZZZCOI ♦ 01 
FOR I ♦ l STEP 1 UNTIL B 00 
TAURECCIJ ♦ AAAJf 
FOR I ♦ 0 STEP 1 UNTIL I 00 
FOR I ♦ I STEP 1 UNTIL 23 00 
OCBIN NT ♦ TINCIJI 

NA ♦ ZAC1JI 
NO • ZBC11I 
TTCIJ ♦ MT ♦ NT / Nl 
VA ♦ CACll ♦ IF BCLA THEN 1.0 
VB ♦ CBC11 ♦ IF BCLB THEN 1.0 
FOR J ♦ 2 STEP 1 UNTIL N 00 
OCBIN EACJI • CACJ - U « VAI 

CBCJI ♦ CBCJ - U « VBI 
TTCJI ♦ TTCJ • II ♦ KTI 

CNO FILLIN« OF TIPC AHRAVSI 
FOR J ♦ q STEP 1 UNTIL N 00 INORCJI ♦ C«P(B »CCACJI 
• NA) ♦ C «CEBCJI • NB))I 

ZZZCI1 • TAURECCIJ /( 

IOCI) • OUTPCI) ♦ I.OI 

CLSC 
CLSC 

EXPC 
CIPC 

»T 
MT 

TA)I 
TB)I 

flfww Alt   frognm lliilaf (ptft 2 of 3) 
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rOK J ♦ 0 STCP 1 UNTIL a 00 
•COIN QQ ♦ CUTPtJJI 

0 ♦ TAUNECCJ)! 
E4CN1 ♦ 1.01 
VA • IkiK   • |J ♦ CXPC- XT «(0 ♦ Ä))l 
."OR K ♦ K • 2 STEP • f UNTIL 0 00 C«(K] ♦ CACK 4 
11 « VAJ 
VA   ♦   EAtOJ   »   IKORtO)   ♦  CAtN)   *   INtR(N]l 
VB  •  01 
FOR K ♦ I STEP 2 UNTIL N • I 00 Vi ♦ Vi ♦ IN6R(N 
1 « CACKJl 
VA ♦ A.O « VB ♦ VAI 
VB ♦ 01 
FOR K ♦ 2 STEP 2 UNTIL N • 2 00 VB ♦ VB ♦ INORCK 
1 » EA[K)I 
VA ♦ XT " 0 M(2«0 « Vi ♦ VA) / SI 
OUTPtJ) • XQfJJ « CXPC NT »(0 ♦ A) ♦ B »(1 - >•* 
) ♦ C «(t • MB)) ♦ VAI 
IF 1.0 < OUTPtJ) TNCN OUTPCJ) ♦ ZZHJJ CLSC IF 2 
< I AND CUTPN) > II2tJ) ANO 00 S ZZZCJ) THEN 
OUTP(J) ♦ ZZZNII 

CNO FIX TINC VARY TAUI 
NRITCfFQO* ALLPCD» FOR J ♦ 0 STEP 1 UNTIL 6 00 
OITPCJ))! 
IF I a 1 THEN 
BEGIN A ♦ AAAI 

B ♦ BBBI 
C ♦ CCCI 
FOR J ♦ 0 STEP 1 UNTIL 0 00 «ON) • OUTPtJ)! 

CNO COEFFICIENT ChANOEl 
CNO STEP TMROUOH TIMEI 
NRlTCfPABCDI 

CNO FINAL RATCSI 
CNO INITIAL RATCSI 

CNO CAPACITORSI 
CNO INNCR BLOCKI 
CNO* 

fl<art Alt Ffofrui listinc (ptf» 3 of 3) 
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XO 

n m § intenrals for SlapsOM 
ml« intagxmtiOQ 

11 ■ # capacitor typo« 
JJ - # Initial radiation ratas 
kk • # final radiation rataa 
c^acltor paraMtara (11 aata) 
Initial rate Info. (JJ aata) 
final rate Info, (kk aeta) 

LCAP 

LSIRAT 

Initialise variables.    Calculate all 
mafcera which vill not change with 
cap. type. Int. rate, final rate, 
tine conataat, or tiaa. 

I 
Select next capacitor type. 

I 
Calculate all nuribera which do not 
change with Int. rate, final rate, 
time constant or tiac. 

I 
Select next initial rate. 

Calculate all numbers which do not 
change with final rate, tlaa 
constant, or tj 

I 
H   Select next final rate. 

E 
Calculate all mabera which do not 
change with tlat conatant or tlas. 

Write:    Able headings; row for 
tlas -0. 

Pigurs A2t    Prograa now Chart (page 1 of 3) 
. 

i 



Select next tine. 

I 
Calculate «11 mnbers, iocludlnc 
part« of integrand, which do not 
chaage with time constant. 

i 
Select next time constant. 

I 
Finish Simpson's rule integration; 
Calculate output motoer. 

• 

<^     Bars «11 tias constants been used?        "^ 

P 

o 

< 

Write:   Output rov for tiae used 
in calculations. 

Was calculation for initial rate 
onlyT 

yes 

1 
Change parameters to final rate 
parameters. 

DO Have all times been used? 
yes 

Skip to top of next printer 
for new table« 

> 

> 

Pigure A2:    Program Flow Chart (Page 2 of 3) 

•,    ■   > * 



Bvre all final ratet 
bean used? 

yet 

Bart all initial ratet 

been utedT 

< 

no ^    Have all capacitor typet 
been uted? 

yw 

f »top  j 

> 

> 

> 

Ficurt A2: ProcrMi flow Chart (page 3 of 3) 
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